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ABSTRACT: Viable counts of aerobic and anaerobic hemotrophic sulphur-oxidizers as well as 
phototrophic sulphur bacteria were determined in sediment samples taken from two different areas 
along the Baltic Sea shore which were known to regularly develop sulphidic conditions. Depth 
profiles of bacterial cell counts were correlated with concentration profiles of chloride, sulphate, 
sulphide, nitrate and phosphate in the pore water of these sediments and with potential activities of 
nitrate reduction, thiosulphate transformation and sulphate formation. The data revealed a complex 
multilayered structure within the sediments. Sulphide was released into the water from sediments of 
both sampling areas, but it was found that light and the availability of oxygen significantly reduced 
this amount. In the highly reduced sediment at Hiddensee, the highest numbers of phototrophic and 
chemotrophic sulphur-oxidizers were found near the sediment surface. Therefore, it was concluded 
that the combined action of both groups of bacteria most efficiently oxidizes reduced sulphur 
compounds in the top layers of the sediments. Nitrate may replace oxygen as final electron acceptor 
and will support oxidation of sulphide, in particular when oxygen and light are limiting. 
INTRODUCTION 
The  increas ing  eut roph icat ion  of mar ine  coasta l  areas,  in part icu lar  its cor re lat ion  
wi th  increases  of su lph id ic  locat ions in mar ine  bas ins  and  coastal  areas,  has  renewed 
in terest  in react ions  of the microb ia l  su lphur  cycle and  its impor tance  for these  env i ron-  
ments .  A cons iderab le  part  of the  organ ic  mat ter  in mar ine  sed iments  is minera l i zed  by  
su lphate - reduc ing  bacter ia  ( J6 rgensen,  1982). In genera l ,  these  bacter ia  have  a se lect ive  
advantage  over  methanogen ic  bacter ia  in the mar ine  env i ronment .  The  methanogens  
can  compete  only when su lphate  is l imit ing,  when organ ic  suhst ra tes  are supp l ied  in 
excess  or when a l ternat ive  non-compet i t i ve  substrates ,  l ike methy lamine ,  are ava i lab le  
(Widdel,  1988). Su lphate  reduct ion  leads  to the product ion  of su lph ide,  wh ich  is toxic to 
bacter ia ,  an imals  and  plants.  Su lph ide  is re leased  f rom sed iments  into the  supernatant  
water  and  also into the a tmosphere  from coasta l  a reas  l ike the Wadden Sea and  the  
sha l low areas  of the  Baltic Sea shore.  
Most  of the  su lph ide  produced in mar ine  sed iments  is supposed  to be  ox id i zed  by  
bacter ia l  act iv i ty ra ther  than  chemical ly .  Impor tant  in termed ia tes  in the ox idat ion  of 
su lph ide  are e lementa l  su lphur  and  th iosu lphate  ( JS rgensen  & Bak, 1991). The  la t ter  also 
is one  of the  most  conven ient  sources  of reduced su lphur  for the cu l t ivat ion of bacter ia  
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that oxidize reduced sulphur compounds. Although three major physiological groups of 
bacteria with such activities are known - the aerobic sulphur-oxidizers, the nitrate- 
reducing sulphur-oxidizers, and the phototrophic sulphur bacteria - only a small number 
of species of these bacteria have been identified from the marine environment. Informa- 
tion on their distribution and frequency in marine habitats is rare. The present study was 
initiated in order to correlate viable numbers of bacteria participating in the bacterial 
sulphur cycle with chemical parameters from the sediments and to locate bacteria and 
their activities within the sediment layers. 
MATERIAL AND METHODS 
The  sampl ing  s i tes :  Two sampling sites that were known to develop regu- 
larly sulphidic conditions were selected for our analyses. The first site, close to the Island 
of Hiddensee, represents an open reed belt with highly reduced sediment, which has 
already been described by Suckow (1966). The sampling occurred uring a time of highly 
fluctuating water levels (from 0-20 cm) above the sediment. The other site is located near 
F6hrdorf, close to Poel, and may be described as a small, nearly closed reed bight. During 
the sampling period, it appeared oxidized at the surface, but was reduced at deeper 
levels. At that time the weather was calm and there was a constant water level above the 
sediment of 1-5 cm. The structure of the sediment near F6hrdorf was more homogeneous 
and consisted of a smaller grain size than that of Hiddensee. 
Sampl ing  of  sed iments :  The sampling occurred during June  1992. Sedi- 
ment cores were directly cut into discs of 1 to 5 cm thickness, as noted in Tables 1 and 2. 
Correlation of the different parameters required an immediate treatment of the discs 
according to the methods listed below. Therefore, and because of the great number of 
simultaneous analyses and experiments, tatistical treatment of the sediment cores was 
not possible. However, corresponding disks from 3-5 sediment cores taken from the same 
location were combined, carefully mixed and used for further treatments. 
C h e m i c a 1 a n a 1 y s e s : Pore water from the sediment discs was recovered after 
centrifugation and sterilized by filtration (0.45 ~m pore size cellulose acetate membrane 
filters). This water was used to determine concentrations of chloride, sulphate, nitrate and 
phosphate. Separation and quantification of these anions was achieved by ion 
chromatography using a Dionex DX 300, equipped with conductivity- and UV-detectors 
and an anion exchange column (Dionex*AS4A). Chemical analyses were made at three 
different sensitivity ranges of the conductivity detector. The salinity was calculated from 
the concentration of chloride (salinity = 1.80655 chlorinity) according to Wooster et al. 
(1969). 
Samples for determination of sulphide were taken immediately after the pore water 
was recovered by centrifugation and taken from the clear supernatant close to the 
sediment. Sulphide was determined as methylene blue. according to the method 
described by Lorant (1929) and modified by Pachmayr (1960). Sulphide was stabilized as 
ZnS in a 20-ml volumetric flask containing 10 ml of 2 % Zn-acetate (acidified with 1 ml 
2 M acetic acid per litre) and than stored at 4 ~ C. Reagents were 0.2 % dimethyl-p- 
phenylendiammoniumdichlor id (DMPD) in 20 % sulphuric acid. which had to be stored in 
the dark and 10% NH4Fe(SO4)2 x 12 H20 (FAS) in 0.02 % concentrated sulphuric acid. 
After addition of 2 ml DMPD and 0.1 ml FAS, the flasks were closed immediately and 
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allowed to stand for at least 30 min. After colour development was completed, the sample 
volume was adjusted to a total of 20 ml and the optical density measured at 668 nm 
against a reagent blank. 
B a c t e r i a 1 a n a 1 y s e s : In order to overcome small-scale heterogeneity of the 
sediments, corresponding sediment discs of 3-5 cores from each sampling sites were 
homogenously mixed, and volumes of 0.5 cm 3 sediment were used for dilution series. The 
dilution was performed in 70 % filter-sterilized, natural seawater (taken from the North 
Sea near List/Sylt). From these dilution series, various media were inoculated. The 
material was either spread on plates (for aerobic bacteria) or inoculated in deep-agar (for 
anaerobic bacteria). 
Phototrophic bacteria were cultivated in Pfennig's medium, supplemented with 
acetate solution (1 ml/100 ml) and salt solution (5 ml/100 ml) according to Pfennig & 
Tr~iper (1992). Cell counts were obtained from dilution series in agar. 
A new medium ("Lith" medium) was designed for marine anaerobic sulphur- 
oxidizing bacteria, using different electron acceptors. The composition of the basic 
mixture of the medium contained in final amounts per litre: 700 ml of a modified, 
sulphate-free sea water (MSM), 1.68 g NaHCO3, 0.68 g KH2PO4, 0.25 g NH4C1, 1 ml trace 
element solution SLB (modified SLA with only 1 mg Na2SeO 3 - 5 H20 per litre) and 1 ml 
vitamin solution VA (Imhoff, 1988). The modified, sulfate-free sea water (MSM) was 
autoclaved separately and contained the following amounts per litre: 27.3 g NaC1, 2.7 g 
MgC12 - 6 H20, 0.75 g KC1, 0.4 g CaC12 . 2 H20, and 0.14 g KBr. The pH was adjusted to 
7.2. A mixture of Na2S203 "5 H20, Na2S . 9 H20 and polysulphide (prepared according to 
Feher & Laue, 1956) was applied as a source of reduced sulphur in final concentrations of 
5 mM, 0.5 mM and 13 raM, respectively. NaHCO3 and sodium acetate (5 mM) were 
added as the only carbon sources. Either KNO3 (10 mM) or Na2SO4 (10 mM) served as 
electron acceptors. 
Aerobic bacteria were counted on agar plates using a mineral salts medium ("Thio" 
medium). The basic medium contained 700 ml natural sea water, 0.4 g NH4C1 and 0.5 g 
KH2PO4. NaHCO3 (1.0 g/l) and sodium acetate (5 mM) were added as carbon sources, 
and sodium thiosulphate (3.2 raM) and Na2 S - 9 H20 (0.5 mM) as sulphur sources and 
electron donors. The pH was adjusted to 7.2 
Measurements  of  bacter ia l  ac t iv i t ies :  Transformation of thiosulfate 
was measured under aerobic conditions in shaken Erlenmeyer flasks and under 
anaerobic onditions with KNO3 (7 mM) as added electron acceptor. Anaerobic condi- 
tions were achieved in Hungate tubes by repeated evacuation and flushing with nitrogen 
gas. Assays were performed under nitrogen and in the dark. For all activity measure- 
ments, the basal medium for anaerobic bacteria was supplemented with sodium acetate 
(5 raM) and Na2S203 9 5 H20 t5 mM). The assays were started by the addition of the 
sediment sample (1 cm 3) to 15 ml of medium. Sulphate reduction was inhibited by 
addition of Na2MoO4 ' 2 H20 (20 mM). Samples were withdrawn after 4.5 h of incubation 
in the dark at room temperature and sterilized by filtration. 
Measurements  of  su lph ide  fo rmat ion :  Sediment cores from the 
sampling site of Hiddensee were incubated either under anaerobic (plugged and kept 
dark) or aerobic (unplugged) conditions, and either i l luminated or kept dark. Over a 
period of 12 hours the sulphide concentration was measured periodically at three depths 
in the supernatant water column. Sulphide production was approximated by integration. 
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RESULTS 
In order  to eva luate  the role of bacter ia  invo lved  in the oxidat ion of reduced su lphur  
compounds  in mar ine  sed iments ,  we  ana lysed  the top 20 cm of sed iment  from two 
d i f ferent  sampl ing  sites a long the coast of the Balt ic Sea. A l though the sed iments  from 
both  areas  showed act ive su lphate  reduct ion  and  re lease  of su lph ide  into the  supernatant  
water ,  remarkab le  d i f ferences were  found in the depth  prof i les of the i r  chemica l  compo-  
s it ion and  in the d is t r ibut ion of bacter ia l  activit ies. The  sampl ing  site at  H iddensee  
obv ious ly  was  character i zed  by  t remendous  act iv i ty of su lphate - reduc ing  bacter ia  and  
re lease  of su lph ide  into the  water ;  whereas  su lphate  reduct ion  at the sampl ing  site near  
F~hrdorf  appeared  to be  quite low. Never the less ,  su lph ide  was measurab le  in the  th in  
water  layer  cover ing  this sed iment .  
The  sed iment  at  Hiddensee  
The chemica l  compos i t ion  of this  sed iment  is shown in Tab le  1. M inor  sal in i ty 
changes ,  between ca 9 and  12 %o, occur red  throughout  he sed iment .  Most  obvious ly ,  the  
su lphate  content  of the  sed iment  was  s ign i f icant ly  reduced compared  to the supernatant  
water.  Part icu lar ly  in depths  between 3 -8  cm, the  min imum va lues  of the  su lphate /  
ch lor ide ratio of 25.1 to 29.3 (ca lcu lated as ind icated  in Tab le  1) po int  to a zone  of 
cont inuous  su lphate  dep le t ion  by  su lphate  reduct ion .  This zone was accompan ied  by a 
max imum of the phosphate  concent ra t ion .  The  n i t rate  pool was  about  2 -3  orders  of 
magn i tude  lower  than  the su lphate  pool, but  showed s igni f icant  changes  throughout  the 
sed iment  co lumn,  wh ich  ind icates  act ive turnover .  Accord ing  to the concent ra t ion  gra-  
Table 1. Chemical parameters of a sediment from Hiddensee. Values in brackets were taken from a 
dialysis pore water sampler. Parallel measurements by V61kel & Schmidt (pets. comm.) revealed 
comparable concentrations of sulphide in the sediment. OW = surface water: SN = water close to 
the sediment surface 
Salinity" Chloride Sulphate Sulphate/ Sulphide Nitrate Phosphate 
% mM mM Chloride ** !tM [tM ttM 
OW water 9.88 154.3 7.75 50.2 8 3.4 3.1 
SN water 9.77 152.5 7.64 50.1 70 1.3 13.9 
Sediment 
0-1 cm 9.79 152.8 5.75 37.6 [25) 1.4 98.8 
1-2 cm 11.07 172.8 5.45 31.5 [25~ 3.4 124.7 
2-3 cm 11.46 179.0 5 60 31.3 (47) 20.1 87.7 
3-4 cm 11.55 180.3 5.28 29.3 (68) 1.4 188.9 
4-6 cm 10.85 169.4 4.52 26.7 (104b 10.0 155.0 
6-8 cm 10.32 161.2 4.04 25.1 (142) 21.1 72.6 
8-10 crn 10.41 162.6 4.93 30.3 (157) 1.6 58.8 
10-15 cm 9.91 154.8 5.05 32.6 [4741 10.8 6.7 
15-20 cm 10.32 161.1 6.35 39.4 (1150) 4.3 33.6 
9 calculated from the chloride concentration i %o according to Wooster et al. (1969). 
9 ' calculated from the concentrations (mM) and multiplied by 1000: [value of standard sea water 
is 51.7}. 
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Fig. 1. Viable counts  of sulphur-oxid iz ing bacter ia at H iddensee.  SOB = Sulphur-oxid iz ing bacteria,  
PSB = Purple su lphur  bacteria: Viable counts  of anaerobic  SOB were determined  under  anoxic 
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Fig. 2a. Transformation rates of thiosulphate and sulphate under aerobic onditions in the sediment 
from Hiddensee (~tmol cm -3 sediment h- l l  
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Fig. 2b. Transformation rates of thiosulphate, sulphate and nitrate under anaerobic onditions in the 
sediment from Hiddensee (~mol cm -3 sediment h-1) 
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dients during the sampling time, it can be concluded that the sediment is apparently a 
source of phosphate and probably a sink for nitrate. Sulphide was released from this 
sediment in significant amounts. Low concentrations of sulphide could be detected even 
in the oxic surface water of this site (Table 1, OW). Laboratory studies with natural 
sediment cores revealed that under conditions of blocked oxygen transfer and in the 
dark, the concentration of sulphide in the supernatant water increased considerably 
within 12 h. The su!phide concentration amounted to 325 uM directly at the sediment 
surface, 220 ~M at 3 cm above the sediment and 200 ,ttM at 6 cm. Using these data, an 
exchange rate of sulphide between sediment and water of 14.4 mmol m -2 sediment d-1 
was calculated. Thus oxygen availability is expected to be a limiting factor for sulphide 
oxidation in the top layers of this sediment, at least during dark periods. 
Aerobic and anaerobic, nitrate-reducing sulphur-oxidizers a well as phototrophic 
sulphur bacteria had maxima of viable cell numbers in the top layer of this sediment 
(Fig. 1). Numbers of phototrophic purple sulphur bacteria exceeded those of all others, 
even those of aerobic sulphur-oxidizers. Because of their l ight-dependence, they formed 
a pink to red-coloured layer in the top millimetres of the sediment, just underneath a very 
thin surface layer. Viable counts decreased by one order of magnitude in the second 
(1-2 cm) and by two more orders in the third sediment disc (2-4 cm). Viable cells of 
phototrophic green sulphur bacteria were several orders of magnitude lower, ca 2-4.  10 4 
cells cm -3 in the top layers of the sediment. 
Also cell numbers of chemotrophic sulphur-oxidizers using oxygen or nitrate as 
electron acceptors were highest in the top disc of the sediment. They dropped by about 
one order of magnitude below 2 cm, but remained relatively high over the rest of the 
sediment clown to 10-15 cm depth (Fig. 1). 
The capability to oxidize thiosulphate under aerobic conditions was high in this 
sediment (Fig. 2a). Although sulphate was the major oxidation product, transformation 
rates of thiosulphate I1.4-6.5 ~tmol h -1 cm -3) were  not quantitatively correlated with the 
formation of sulphate (1.1-5.2 amol h - l  cm-3}. Obviously, thiosulphate is not exclusively 
oxidized [o sulphate but to some extent ransformed to other still unknown products. 
Under anaerobic onditions in the presence of nitrate, thiosulphate turnover ates 
(0.3-5.2 LtmO1 h -1 cm -3) were in the same order as under aerobic conditions (Fig. 2b). 
However, lower amounts of sulphate (0.1-0.5 ~mol h -1 cm -3) were formed. Thus. 
anaerobically, sulphate was a mmor oxidation product. Sulphite was not an intermediate 
in thiosulphate transformations that accumulated during the incubation period. Other 
possible transformations of thiosulphate include oxidation to products other than sul- 
phate, reduction or disproportionation. High nitrate-reducing activity (up to 10.8 ~tmol h-  
cm -3} was present in this sediment and the maxima of nitrate reduction correlated with 
maxima of thiosulphate transformation (Fig. 2b). The highest values of both reactions 
were found in the first 1-2 cm of the sediment, a second maximum was at 3-4 cm depth. 
Both of these maxima correlated well with mimmum values of nitrate in the sediment 
(Table 1). 
The  sed iment  near  F~ihrdorf 
Chemical composition and bacterial analyses revealed significant differences when 
compared with those of the sediment from Hiddensee. Though the salinity was only 
slightly higher (11-15 %o), sulphate concentrations and in particular the sulphate/chloride 



























I 111111 L I 111111 
105 106 
--~-- aerobic SOB 
---E~-- anaerobic SOB 
,0  PSB 
I I i I l k l l  I I t I i l l t l  [ [ ' " [ '1  I F l i  
10 7 10 8 
viable counts * cm-8  sediment 
Fig. 3. Viable counts of sulphur-oxidizing bacteria at F~ihrdorf. SOB = Sulphur-oxidizing bacteria; 
PSB = Purple sulphur bacteria. Viable counts of anaerobic SOB were determined under anoxic 
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Table 2. Chemical parameters of a sediment from F~ihrdorf. SN = water close to the sediment 
surface; n.d. not detected 
Salinity* Chloride Sulphate Sulphate/ Sulphide Nitrate Phosphate 
% mM mM Chloride" ~M aM HM 
SN water I2.85 200.7 11.01 54.9 8 9.1 8.7 
Sediment 
0-I cm I3.00 202.8 10.42 51.4 14 5.7 17.8 
1-2 cm 13.30 207.7 11.10 53.4 12 45.6 0.I 
2-3 cm 14.53 227.0 13.34 58.8 14 6.0 n.d. 
3-4 cm 14.51 226.6 13.47 59.5 276 1.7 654.3 
4-6 cm 15.17 236.8 13.36 56.4 139 34.6 169.8 
6-8 cm 13.26 207.1 11.20 54.1 232 3.4 184.9 
8-10 cm 13.92 217.3 10.65 49.0 29 3.4 394.1 
10-15 cm 12.52 195.5 8.80 45.0 154 5.2 11.4 
15-20 cm 10.49 170.8 8.21 48,1 - 27.0 6.1 
9 calculated from the concentration f chloride m % according to Wooster et al. (I969L 
* * calculated from the concentrations (mM) and multiplied by 1000: (value of standard sea water 
is 51.7). 
ratio were  unusual ly  high (Table 2), in part icular  at the 2-6 cm depth.  Dist inct  layers with 
chang ing  concentrat ions  of su lph ide  Imax imum at 3-8  cm), nitrate (minima at 2 4 cm 
and 6-12 cm max ima at 1-2 cm and 4-6  cml, and  phosphate  (strong min imum at 1-3 cm, 
strong max imum at 3-10 cmJ were  found. In part icular,  the enormous  concent ra t ion  
grad ient  of phosphate ,  between very h igh va lues  of more  than 650 uM at a 3 -4  cm depth  
and  undetectab le  traces at a 2-3  cm depth,  points to h ighly act ive t ransformat ions .  
Similar to the sed iment  of H iddensee ,  this sed iment  appeared  to be a source  of phosphate  
for the supernatant  water. 
A l though lower  numbers  of aerobic  and  n i t ra te - reduc ing  su lphur -ox id izers  were  
present  in the top layer of this sed iment  compared  to those from H iddensee  (Fig. 3), 
v iable cell numbers  in the deeper  sed iment  were  in a similar order  of magn i tude  in both 
sed iments .  Aerob ic  su lphur-ox id izers  had  quite constant  cell numbers  over  the who le  
sed iment  core, with a sl ight max imum at a depth  of 8-10 cm. Nitrate reducers  had  a sl ight 
max imum at 1-2 cm and constant ly  h igh v iable cell numbers  from 4-6  cm. An  apparent  
mass  deve lopment  of phototrophic  purp le  su lphur  bacter ia  was  not visible. Never the less .  
v iable numbers  of these bacter ia were  h igh  in the top layer of the  sed iment  (2 - 106 cells 
cm -3 see Fig. 3). Compared  to an earl ier sampl ing  in Apri l  1992, they had  increased  by 
three  orders of magn i tude ,  but still were  two orders  of magn i tude  lower  than  those  from 
H iddensee .  Green  su lphur  bacter ia  were  present  in ins igni f icant  numbers  and  could not 
be quant i f ied.  
Activity measurements  revea lea  max ima of aerobic  th iosu lphate  t rans format ion  at 
1-3 cm (4.4-5.2 ~mol h -1 cm -3) and  at about  10 cm depth  (4.1 ~mol h -~ cm -3) (Fig. 4a), 
su lphate  be ing  a major  but  not a sto ich iometr ic  ox idat ion product .  S imi lar  max ima 
appeared  under  anaerob ic  ondit ions wi th  a th iosu lphate  turnover  of 1.3 ~mol h - t  cm -3 
at 1-2 cm and 3.9 ,umol h -1 cm -3 at 10-15 cm depth  (Fig. 4b) but with minor  proport ions 
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oxidized to sulphate. These rates coincided with maximum values of nitrate reduction in 
the same layers (3.8 ~mol h -1 cm -3 and 8.2 ~mol h - l  cm -3, respectively) and high viable 
cell counts of nitrate reducing bacteria. 
DISCUSSION 
Quantitative numeration of sulphur-oxidizing bacteria with selective media and 
measurements of potential transformation rates of thiosulphate and nitrate, combined 
with the chemical analyses of pore water indicated the importance of bacteria in the 
chemical processes occurring within the sediments. Furthermore, distinct maxima of 
several chemical parameters and of measured activities revealed a complex multi layered 
structure of the investigated sediments. 
Although nitrate concentrations in the investigated sediments were quite low (below 
10 ttM, at maxima up to 50 ~M), nitrate appeared to be an important electron donor for 
the oxidation of reduced sulphur compounds in sulphidic sediments. High numbers of 
nitrate-reducing bacteria and high potential activities of nitrate reduction and thiosul- 
phate oxidation in the same sediment layers, i.e. 3-4 cm depth in the Hiddensee sediment 
and 1-2 cm depth in the F~hrdorf sediment, point to an active role of these bacteria in the 
respective sediment layers. Although thiosulphate oxidation is stimulated in the presence 
of nitrate, sulphate is not formed in equivalent quantities. It appears, therefore, that 
sulphate is only a minor oxidation product of thiosulphate when nitrate is the electron 
acceptor. It is concluded that nitrate-reducing bacteria play an important role in the 
turnover of reduced sulphur compounds in anoxic parts of marine sediments, as long as 
nitrate is available. 
The importance of aerobic sulphur-oxidizing bacteria in the top layer of the Hidden- 
see sediment is demonstrated by significant oxidation rates of thiosulphate to sulphate 
and by maxima of viable cell counts in this layer. In the dark and under conditions of 
blocked oxygen transfer between atmosphere and water column, the release of sulphide 
from the sediment surface into the water strongly increased as shown by experiments 
with intact sediment cores. Therefore. oxygen is regarded as the most important electron 
acceptor for oxidation of reduced sulphur compounds in the surface layer of the sedi- 
ments, and aerobic sulphur bacteria play a predominant role in these reactions. 
High numbers and even maxima of (facultative) aerobic bacteria in the anoxic parts 
of the sediments point to their metabolic flexibility and their potential of anaerobic 
transformations. It is well established that denitrifying bacteria are facultative aerobes. 
Although a general  conclusion on the participation of facultative aerobes in nitrate 
reduction in anoxic sediment layers is not possible, the occurrence of high numbers of 
aerobic sulphur bacteria in distinct sediment layers with maxima of denitrifying bacteria, 
active denitrification and minimum nitrate concentrations may be indicative of the 
metabolic activity of these bacteria under anaerobic onditions. 
Phototrophic sulphur bacteria develop under anoxic conditions when light is avail- 
able as an energy source and reduced sulphur compounds are present as electron donors. 
Because light penetrates only a few millimetres into the sediment, active growth of these 
bacteria is restricted to the small zone where light and reduced sulphur compounds 
coexist. They often form dense populations and appear as a coloured thin skin near the 
sediment surface, as found in the present study. These bacteria are of major importance 
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for the  ox idat ion  of su lph ide  and  other  reduced su lphur  compounds  in the  invest igated  
sed iments ,  as is demonst ra ted  by  the i r  h igh  numbers  in the top sed iment  layers  of both  
sampl ing  sites. The  act ive role of the  purp le  su lphur  bacter ia  in the ox idat ion  of reduced 
su lphur  compounds  w i th in  the  sed iment  is ev ident  from the fact that  most  of the i r  cells 
were  fi l led up  wi th  s tored e lementa l  su lphur  - an  in termed ia te  in the  ox idat ion  of 
su lph ide  to su lphate .  Addi t ional ly ,  in sed iment  cores wh ich  st rongly  re leased  su lph ide  
into the supernatant  water  when oxygen supp ly  was  inh ib i ted  for 12 hours  in the dark  
(13.5 ,~M sulphide) ,  the  major  part  of this  su lph ide  was ox id ized when oxygen was 
a l lowed to dif fuse into water  and  when the  sed iment  was  i l luminated.  On ly  1 to 1.5 ~M 
su lph ide  were  re leased  under  these  cond i t ions  dur ing  a 12 h period. B lackburn  et al. 
(1975) demonst ra ted  the  predominant  role of photot roph ic  bacter ia  by  s imi l iar  exper i -  
ments  in sed iment  cores, too. Photot roph ic  su lphur  bacter ia  and  aerob ic  chemotroph ic  
su lphur  bacter ia  certa in ly  are compet ing  su lphur -ox id izers  in the top layers  of the  
invest igated  sed iments ,  in  par t icu lar  because  some of the photot roph ic  purp le  bacter ia  
can use oxygen as an  e lect ron  acceptor  dur ing  chemotroph ic  growth  (K~mpf & Pfennig,  
1980). We conc lude  that  the combined  act ion of both  groups  of bacter ia  most  eff ic ient ly 
oxid izes reduced su lphur  compounds  in the top layers of the sed iments .  N i t rate  may 
rep lace  oxygen as f inal e lect ron acceptor  and  will suppor t  ox idat ion of sulphide~ in 
par t icu lar  when oxygen and  l ight  are l imit ing.  
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